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(57) ABSTRACT 

The load cell includes a strain generating body having a strain 
generated portion, and a strain detection element provided on 
a surface of the strain generating body in a portion corre 
sponding to the strain generated portion and having an inver 
sion portion and a straight portion. A creep characteristic is 
adjusted by a thickness of the strain generated portion in a 
portion corresponding to the inversion portion. 
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LOAD CELL 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This US. national phase application claims priority 
to Japanese Patent Application No. 2007-023 643 ?led on Feb. 
2, 2007. The entire disclosure of Japanese Patent Application 
No. 2007-023643 is hereby incorporated herein by reference. 
[0002] 1. Technical Field 
[0003] The present invention relates to a load cell used for 
an electronic scale or the like, and more speci?cally, relates to 
a load cell of a strain gauge type. 

[0004] 2. BackgroundArt 
[0005] In a conventional load cell of a strain gauge type, 
adjustment of creep characteristics is realiZed by changing a 
tab ratio of a strain gauge. 

[0006] In case of producing many kinds of load cells, such 
load cells are produced that creep characteristics thereof are 
adjusted by using strain gauges having different tab ratios for 
each kind of load cells or each rated load (for example, see 
Japanese Patent Application Publication No. H1 1-64125). 

DISCLOSURE OF INVENTION 

[0007] In the above conventional load cell of a strain gauge 
type, the folloWing problems arise. That is, since types of 
strain gauges are generally limited, values of the tab ratio of 
each type of strain gauge on sale are not successive (i.e. 
discrete). Moreover, due to the design limitation of a circuit 
pattern of a strain gauge, a value of a tab ratio is limited to a 
certain range. Therefore, in case of adjusting creep character 
istics by changing a tab ratio, an amount of adjustment and an 
available range of adjustment are limited. 

[0008] Furthermore, since it is required to prepare plural 
kinds of strain gauges having different tab ratios in advance, 
control over a huge stock is troublesome. 

[0009] The present invention has been made in vieW of such 
situation, and is directed to obtaining a load cell capable of 
adjusting creep characteristics in a measure except for chang 
ing a tab ratio. Furthermore, the present invention is directed 
to obtaining a load cell Whose creep characteristic is properly 
adjusted, While using a single kind of strain gauge having a 
?xed tab ratio. 

[0010] A load cell according to a ?rst aspect of the inven 
tion includes a strain generating body having a strain gener 
ated portion and a strain detection element provided on a 
surface of the strain generating body in a portion correspond 
ing to the strain generated portion and having an inversion 
portion and a straight portion. The strain generated portion 
has a ?rst prescribed thickness in a portion corresponding to 
the inversion portion of the strain detection element to adjust 
a creep characteristic of the load cell. 

[0011] A load cell according a second aspect of the inven 
tion is the load cell according to the ?rst aspect of the inven 
tion, Wherein the strain generated portion has a second pre 
scribed thickness in a portion corresponding to the straight 
portion of the strain detection element to adjust a level of an 
output value of the load cell. 

[0012] A load cell according to a third aspect of the inven 
tion is the load cell according to the ?rst aspect of the inven 
tion, Wherein the strain generated portion has a second pre 
scribed thickness in a portion corresponding to the straight 
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portion of the strain detection element With the second pre 
scribed thickness being different from the ?rst prescribed 
thickness. 
[0013] A load cell according to a fourth aspect of the inven 
tion is the load cell according to the ?rst aspect of the inven 
tion, Wherein the strain detection element further includes an 
additional inversion portion With the straight portion inter 
posed betWeen the inversion portion and the additional inver 
sion portion, and the strain generated portion has the ?rst 
prescribed thickness for adjusting the creep characteristic 
only in the portion corresponding to the inversion portion 
among the inversion potion and the additional inversion por 
tion of the strain detection element. 
[0014] A load cell according to a ?fth aspect of the inven 
tion is the load cell according the ?rst aspect of the invention, 
Wherein the strain generating body further includes an addi 
tional strain generated portion With an additional strain detec 
tion element being provided on a surface of the strain gener 
ating body in a portion corresponding to the additional strain 
generated portion, and the additional strain generated portion 
has a prescribed thickness, Which is different from the ?rst 
prescribed thickness, in a portion corresponding to an inver 
sion portion of the additional strain detection element. 
[0015] A load cell according to a sixth aspect of the inven 
tion is the load cell according to the ?rst aspect of the inven 
tion, Wherein the strain generated portion includes a recess 
portion formed on an inner surface of the strain generated 
portion in the portion corresponding to the inversion portion 
to achieve the ?rst prescribed thickness. 
[0016] A load cell according to a seventh aspect of the 
invention is the load cell according to the sixth aspect of the 
invention, Wherein the recess portion of the strain generated 
portion has a shape that is symmetrical in a board thickness 
direction of the strain generating body. 
[0017] In the load cell according to the ?rst aspect of the 
invention, a creep characteristic is adjusted by a thickness of 
the strain generated portion in a portion corresponding to the 
inversion portion, rather than by a tab ratio of the strain 
detection element. Thus, a load cell Whose creep characteris 
tic is adjusted With high precision Without design limitation of 
the strain detection element can be obtained. Moreover, a load 
cell Whose creep characteristic is properly adjusted While 
using a single kind of strain gauge Without necessity to pre 
pare plural kinds of strain gauges having different tab ratios 
for each kind of the load cell or for each rated load in advance 
can be obtained. 

[0018] In the load cell according to the second aspect of the 
invention, an output value of the load cell can be adjusted to 
a proper level by adjusting the thickness of the strain gener 
ated portion in a portion corresponding to the straight portion 
in accordance With a rated load of the load cell. 

[0019] In the load cell according to the third aspect of the 
invention, a thickness of the strain generated portion is dif 
ferent betWeen the portion corresponding to the inversion 
portion and the portion corresponding to the straight portion. 
Thus, adjustment of the creep characteristic based on the 
thickness in the portion corresponding to the inversion por 
tion and adjustment of the level of an output value of the load 
cell based on the thickness in the portion corresponding to the 
straight portion can be performed independently. Thereby, 
adjustment of the creep characteristic is achieved Without 
changing the level of an output value of the load cell. 
[0020] In the load cell according to the fourth aspect of the 
invention, thickness adjustment in the portion corresponding 



US 2010/0148916A1 

to the straight portion is easier, compared to thickness adjust 
ment in the portions corresponding to both of the tWo inver 
sion portions for adjustment of the creep characteristic. Thus, 
reliable adjustment of the level of an output value of the load 
cell is achieved even in a case of a small strain detection 
element. 
[0021] In the load cell according to the ?fth aspect of the 
invention, among the plurality of strain generated portions 
provided in the strain generating body, by having different 
thickness in the portion corresponding to the inversion por 
tion for each strain generated portion, not only separate 
adjustment of the creep characteristic of each strain generated 
portion, but also adjustment of the creep characteristic of a 
Whole load cell in light of a balance among the plurality of 
strain generated portions is achieved. 
[0022] In the load cell according to the sixth aspect of the 
invention, a recess portion is made on an inner surface of the 
strain generated portion, thereby adjusting the thickness of 
the strain generated portion in a portion corresponding to the 
inversion portion. Thus, by making a recess portion after 
forming a load cell, adjustment of creep characteristics after 
forming a load cell is achieved. 
[0023] In the load cell according to the seventh aspect of the 
invention, a recess portion is made so as to be symmetrical 
about a board thickness direction of the strain generating 
body. Hence, unlike a cut or recess portion for correcting a 
bias placement error, by making recess portion symmetrical 
about the board thickness direction of the strain generating 
body, adjustment of the creep characteristic is achieved With 
out making a neW asymmetric error. 

BRIEF DESCRIPTION OF DRAWINGS 

[0024] FIG. 1 is a plan vieW shoWing a con?guration of a 
load cell according to an embodiment of the present inven 
tion. 
[0025] FIG. 2 is an enlarged plan vieW shoWing a con?gu 
ration of a strain detection element. 
[0026] FIG. 3 is an enlarged partial plan vieW shoWing only 
one strain generated portion extracted from the load cell 
shoWn in FIG. 1. 
[0027] FIG. 4 is an enlarged partial plan vieW shoWing only 
one strain generated portion of the load cell according to a 
?rst modi?ed embodiment. 
[0028] FIG. 5 is an enlarged partial plan vieW shoWing only 
one strain generated portion according to a second modi?ed 
embodiment of the load cell shoWn in FIG. 1. 
[0029] FIG. 6 is an enlarged partial plan vieW shoWing only 
one strain generated portion according to a third modi?ed 
embodiment of the load cell shoWn in FIG. 1. 
[0030] FIG. 7 is an enlarged partial plan vieW shoWing only 
one strain generated portion according to a fourth modi?ed 
embodiment of the load cell shoWn in FIG. 1. 
[0031] FIG. 8 is an enlarged partial plan vieW shoWing only 
one strain generated portion according to a ?fth modi?ed 
embodiment of the load cell shoWn in FIG. 1. 
[0032] FIG. 9 is an enlarged partial plan vieW shoWing only 
one strain generated portion according to a sixth modi?ed 
embodiment of the load cell shoWn in FIG. 1. 
[0033] FIG. 10 is an enlarged partial plan vieW shoWing 
only one strain generated portion according to a seventh 
modi?ed embodiment of the load cell shoWn in FIG. 1. 
[0034] FIG. 11 is a plan vieW shoWing another con?gura 
tion of the load cell according to an embodiment of the 
present invention. 
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[0035] FIG. 12 is a perspective vieW shoWing in a process 
sequence a method for forming a strain generated portion of 
another load cell according to an embodiment of the present 
invention. 
[0036] FIG. 13 is a perspective vieW shoWing in a process 
sequence a method for forming a strain generated portion of 
another load cell according to an embodiment of the present 
invention. 
[0037] FIG. 14 is an enlarged partial plan vieW shoWing 
only one strain generated portion extracted from the load cell 
shoWn in FIG. 13. 
[0038] FIG. 15 is an enlarged partial plan vieW shoWing 
only one strain generated portion according to a modi?ed 
embodiment of the load cell shoWn in FIG. 13. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0039] Embodiments of the present invention are explained 
using draWings in detail beloW. It should be noted that iden 
tical reference numerals throughout the draWings indicate 
identical or equivalent elements. 
[0040] FIG. 1 is a plan vieW shoWing a con?guration of a 
load cell 1 according to an embodiment of the present inven 
tion. As shoWn in FIG. 1, the load cell 1 according to the 
present embodiment includes a holloW strain generating body 
2 provided With a plurality number (four in an example of 
FIG. 1) of strain generated portions 3A to 3D, and strain 
detection elements (strain gauges) 4A to 4D respectively 
provided on a surface (outer surface) of the strain generating 
body 2 in a portion corresponding to each of the strain gen 
erated portions 3A to 3D. The strain detection elements 4A to 
4D are connected With each other so as to constitute a Wheat 

stone bridge circuit. In the explanations beloW, each of the 
strain generated portions 3A to 3D is generically referred to as 
a strain generated portion 3, and each of the strain detection 
elements 4A to 4D is generically referred to as a strain detec 
tion element 4. 
[0041] FIG. 2 is a plan vieW shoWing a con?guration of the 
strain detection element 4. As shoWn in FIG. 2, the strain 
detection element 4 is con?gured such that a conductive cir 
cuit pattern 6 is formed in a meander shape on a base member 
5. The circuit pattern 6 includes inversion portions (tab por 
tions) 7A and 7B of a meander and a straight portion (a 
?lament portion) 8 connecting each of the inversion portions 
7A and 7B. The inversion portion 7A of the inversion portions 
7A and 7B is the one that is far from the junction betWeen the 
circuit pattern 6 and a lead 100, and the inversion portion 7B 
is the closer one. In the explanations beloW, the inversion 
portions 7A and 7B are generically referred to as inversion 
portion 7. Here, When the dimension of the inversion portion 
7 is de?ned as X, and the Width of the straight portion 8 is 
de?ned asY, a value of the tab ratio (IX/Y) is knoWn to affect 
characteristics of the creep phenomenon (hereinafter referred 
to as “creep characteristic”) of the load cell 1. The creep 
phenomenon is a phenomenon that an output value of a load 
cell changes over time from the time loading starts, When a 
state in Which the load cell is loaded With a certain amount of 
Weight is maintained. Generally, When a tab ratio is great, a 
positive creep characteristic is exhibited. In other Words, an 
output value increases over time. 
[0042] FIG. 3 is an enlarged partial plan vieW shoWing only 
one strain generated portion 3 extracted from the load cell 1 
shoWn in FIG. 1. As shoWn in FIG. 3, thickness (distance 
betWeen an inner surface and an outer surface) of the strain 
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generating body 2 in a strain generated portion 3 is L1 in 
portions corresponding to the inversion portions 7A and 7B of 
the strain detection element 4, and is L2 in a portion corre 
sponding to a straight portion 8. A feature of the load cell 1 
according to the present embodiment is that creep character 
istics of the load cell 1 are adjusted not by a tab ratio of the 
strain detection element 4, but by the thickness L1 of the 
strain generated portion 3 in portions corresponding to the 
inversion portions 7A and 7B. In other Words, it is assumed 
that the level of an output value of the load cell is proper but 
the output value exhibits a negative creep characteristic, When 
a certain strain detection element 4 is adopted and a strain 
generated portion 3 in a normal shape shoWn by the broken 
line is formed. In this case, the strain generated portion 3 in a 
shape shoWn in FIG. 3 (L1<L2) is formed so as to correct the 
creep characteristic to a plus direction to approach Zero. 

[0043] In contrast, it is assumed that the level of an output 
value of the load cell is proper but the output value exhibits a 
positive creep characteristic, When a certain strain detection 
element 4 is adopted and a strain generated portion 3 in a 
normal shape shoWn by the broken line is formed. In this case, 
the strain generated portion 3 in a shape shoWn in FIG. 4 
(L3>L2) is formed so as to correct the creep characteristic to 
a minus direction to approach Zero. 

[0044] FIGS. 3 and 4 shoW examples of performing thick 
ness adjustment of the strain generating body 2 correspond 
ing to both of the inversion portions 7A and 7B. As shoWn in 
FIGS. 5 and 6, hoWever, thickness adjustment of the strain 
generating body 2 may be performed corresponding to one of 
the inversion portions 7A and 7B (only the inversion portion 
7A in the example in FIGS. 5 and 6). In this case, thickness 
adjustment of the strain generating body 2 in a portion corre 
sponding to the straight portion 8 is easier, compared to the 
case Where thickness adjustment of the strain generating body 
2 is performed corresponding to both of the inversion portions 
7A and 7B. Thus, even When the strain detection element 4 is 
small in siZe and the straight portion 8 is as short as a feW 
millimeters, reliable adjustment of the level of an output value 
of the load cell is achieved. 

[0045] FIG. 7 is an enlarged partial plan vieW shoWing only 
one strain generated portion 3 according to a modi?ed 
embodiment of the load cell 1 shoWn in FIG. 1. The broken 
line in FIG. 7 shoWs a shape of the strain generated portion 3 
in a state Where adjustment of creep characteristics has been 
completed by thickness adjustment in the portions corre 
sponding to the inversion portions 7A and 7B. As shoWn in 
FIG. 7, the thickness of the strain generating body 2 in the 
portion corresponding to the straight portion 8 of the strain 
detection element 4 is L4. Here, in the load cell 1 according to 
the present embodiment, adjustment of the level of an output 
value of the load cell 1 in accordance With rated load by the 
thickness of the strain generated portion 3 in the portion 
corresponding to the straight portion 8 is achieved. More 
speci?cally, When applied for a load cell Which is smaller in 
rated load than a load cell Which is in a shape shoWn by the 
broken line in FIG. 7, the thickness of the strain generating 
body 2 in the portion corresponding to the straight portion 8 is 
set at L5 (<L4), so that the strain generated portion 3 is formed 
in a shape shoWn by the continuous line in FIG. 7. 

[0046] In contrast, When applied for a load cell Which is 
larger in rated load than a load cell Which is in a shape shoWn 
by the broken line in FIG. 7, as shoWn in FIG. 8, the thickness 
of the strain generating body 2 in the portion corresponding to 
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the straight portion 8 is set at L6 (>L4), so that the strain 
generated portion 3 is formed in a shape shoWn by the con 
tinuous line in FIG. 8. 
[0047] Regarding the thickness of the strain generating 
body 2, the thickness in the portion corresponding to the 
inversion portion 7A and the thickness in the portion corre 
sponding to the inversion portion 7B may be different from 
each other, as in the examples shoWn in FIGS. 5 and 6 (see 
FIGS. 9 and 10). 
[0048] Moreover, in the load cell 1 according to the present 
embodiment, the thickness of the strain generating body 2 in 
the strain generated portion 3 are different betWeen the por 
tion corresponding to the inversion portion 7 and the portion 
corresponding to the straight portion 8, as shoWn in FIGS. 3 to 
10. Thus, adjustment of creep characteristics based on the 
thickness in the portion corresponding to the inversion por 
tion 7 and adjustment of the level of an output value of the 
load cell based on the thickness in the portion corresponding 
to the straight portion 8 can be performed independently. This 
achieves adjustment of only creep characteristics, for 
example, Without changing the level of an output value of the 
load cell, by having a common thickness in the portion cor 
responding to the straight portion 8 and having a different 
thickness only in the portion corresponding to the inversion 
portion 7. 
[0049] Furthermore, While FIG. 1 shoWs an example of the 
strain generated portions 3A to 3D all having the same struc 
ture, the structures of the strain generated portions 3A to 3D 
do not necessarily have to be the same. FIG. 11 is a plan vieW 
shoWing another con?guration of the load cell 1 according to 
the present embodiment. While the thickness of the strain 
generating body 2 in the portion corresponding to the inver 
sion portion 7 in the strain generated portions 3A and 3C is 
L7, the thickness of the strain generating body 2 in the portion 
corresponding to the inversion portion 7 in the strain gener 
ated portions 3B and 3D is L8 (<L7). In this Way, at least tWo 
kinds of strain generated portions 3 having different thickness 
in the portion corresponding to the inversion portion 7 may be 
included. By having different thickness in the portion corre 
sponding to the inversion portion 7 for each strain generated 
portion 3 among the plurality of strain generated portions 3 
provided in the strain generating body 2, not only separate 
adjustment of creep characteristics of each strain generated 
portion 3, but also adjustment of creep characteristics of a 
Whole load cell 1 in light of a balance among the plurality of 
strain generated portions 3 is achieved. 
[0050] FIGS. 12 and 13 are perspective vieWs shoWing in a 
process sequence a method for forming a strain generated 
portion 3 of another load cell 1 according to the present 
embodiment, and FIG. 14 is a plan vieW shoWing only one 
strain generated portion 3 extracted from the load cell 1 
shoWn in FIG. 13. FIG. 12 shoWs the load cell 1 With the strain 
detection element 4 being attached to the strain generating 
body 2 having strain generated portions 3AA to 3DD formed 
therein. In the strain generated portions 3AA to 3DD, the 
thickness of the staring generating body 2 (corresponding to 
L10 in FIG. 14) is the same betWeen the portion correspond 
ing to the inversion portion 7 of the strain detection element 4 
and the portion corresponding to the strait portion 8. The 
thickness, hoWever, may be different betWeen those at this 
time. 

[0051] Next, referring to FIG. 13, cuts or recess portions 9A 
to 9D are formed by partially cutting the inner surface of the 
strain generating body 2 in the strain generated portions 3AA 
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to 3DD from the state shown in FIG. 12. Thereby, strain 
generated portions 3A to 3D are formed. In the explanations 
below, the cuts 9A to 9D are generically referred to as cut 9. 
As shoWn in FIG. 14, the cut 9 is formed in the portion 
corresponding to the inversion portion 7 of the strain detec 
tion element 4. A thickness L9 of the strain generated portion 
3 in the portion corresponding to the inversion portion 7 is 
adjusted depending on a depth of the cut 9. In other Words, 
creep characteristics are adjusted. 

[0052] In the load cell 1 shoWn in FIGS. 12 and 13, the 
thickness L9 of the strain generated portion 3 in the portion 
corresponding to the inversion portion 7 is adjusted by having 
the cut 9 made on the inner surface of the strain generated 
portion 3. Thus, by making the cut 9 after forming the load 
cell 1 shoWn in FIG. 12, adjustment of creep characteristics 
after forming the load cell 1 is achieved. Consequently, 
enhancement in precision by modifying variation among 
products and improvement in yield factor by mending defec 
tive units can be expected. 

[0053] Here, in the example shoWn in FIG. 13, the cut 9 
(recess portion) is formed in a Way to penetrate the strain 
generating body 2 in a board thickness direction of the strain 
generating body 2. The cut 9, hoWever, is not limited to this 
example but only needs to be made so as to be symmetrical 
about the board thickness direction (i.e., the direction parallel 
to the inner and outer surfaces of the strain generating body 2) 
of the strain generating body 2, for example, to be made only 
in the both edge portions or only in the center portion in the 
board thickness direction of the strain generating body 2. By 
making cuts 9 symmetrical about the board thickness direc 
tion of the strain generating body 2, adjustment of creep 
characteristics is achieved Without making a neW asymmetric 
error, unlike a cut for correcting a bias placement error. 

[0054] Moreover, While FIG. 14 shoWs an example of mak 
ing the cuts 9 corresponding to both inversion portions 7A and 
7B, as shoWn in FIG. 15, the cut 9 may be made correspond 
ing to only one of the inversion portions 7A and 7B (inversion 
portion 7A in the example shoW in FIG. 15). 
[0055] In this Way, in the load cell 1 according to the present 
embodiment, creep characteristics are adjusted by a thickness 
of the strain generated portion 3 in a portion corresponding to 
the inversion portion 7, rather than a tab ratio of the strain 
detection element 4. Thus, a load cell Whose creep character 
istic is adjusted With high precision can be obtained Without 
design limitation of the strain detection element 4 (or the 
circuit pattern 6). Moreover, a load cell Whose creep charac 
teristic is adjusted can be obtained, using a single kind of 
strain detection element 4 Without necessity to prepare plural 
kinds of strain detection elements 4 having different tab ratios 
for each kind of the load cell 1 or for each rated load in 
advance. 
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1. A load cell comprising: 
a strain generating body having a strain generated portion; 

and 
a strain detection element provided on a surface of the 

strain generating body in a portion corresponding to the 
strain generated portion and having an inversion portion 
and a straight portion, 

the strain generated portion having a ?rst prescribed thick 
ness in a portion corresponding to the inversion portion 
of the strain detection element to adjust a creep charac 
teristic of the load cell. 

2. The load cell according to claim 1, Wherein 
the strain generated portion has a second prescribed thick 

ness in a portion corresponding to the straight portion of 
the strain detection element to adjust a level of an output 
value of the load cell. 

3. The load cell according to claim 1, Wherein 
the strain generated portion has a second prescribed thick 

ness in a portion corresponding to the straight portion of 
the strain detection element With the second prescribed 
thickness being different from the ?rst prescribed thick 
ness. 

4. The load cell according to claim 1, Wherein 
the strain detection element further includes an additional 

inversion portion With the straight portion interposed 
betWeen the inversion portion and the additional inver 
sion portion, and 

the strain generated portion has the ?rst prescribed thick 
ness for adjusting the creep characteristic only in the 
portion corresponding to the inversion portion among 
the inversion potion and the additional inversion portion 
of the strain detection element. 

5. The load cell according claim 1, Wherein 
the strain generating body further includes an additional 

strain generated portion With an additional strain detec 
tion element being provided on a surface of the strain 
generating body in a portion corresponding to the addi 
tional strain generated portion, and 

the additional strain generated portion has a prescribed 
thickness, Which is different from the ?rst prescribed 
thickness, in a portion corresponding to an inversion 
portion of the additional strain detection element. 

6. The load cell according to claim 1, Wherein 
the strain generated portion includes a recess portion 

formed on an inner surface of the strain generated por 
tion in the portion corresponding to the inversion portion 
to achieve the ?rst prescribed thickness. 

7. The load cell according to claim 6, Wherein 
the recess portion of the strain generated portion has a 

shape that is symmetrical in a board thickness direction 
of the strain generating body. 

* * * * * 


